Conservation and restoration of biodiversity in agroecosystems has become a priority throughout the world. In restoration schemes of ex-arable land, seed mixtures of several plant species are commonly sown to create species-rich communities. The provenance of seed material used in such restoration programs has raised concerns about how well the introduced genotypes may succeed in novel environments and whether gene fl ow into native populations may lead to " genetic pollution " ( Hufford and Mazer, 2003 ; McKay et al., 2005 ) . Adaptive genetic differentiation among plant populations resulting from habitat-specifi c selection (local adaptation) is well documented ( Linhart and Grant, 1996 ; Fenster and Galloway, 2000 ; Merila and Crnokrak, 2001 ; Hereford, 2009 ) . Reciprocal transplant studies demonstrating plant local adaptation point at the potential risk of introducing genotypes that are poorly adapted to the local site conditions Montalvo and Ellstrand, 2000 ; Joshi et al., 2001 ; Becker et al., 2006a ; Bischoff et al., 2006a ) . Moreover, gene fl ow from introduced plants might have negative consequences for the survival of neighboring native populations ( Keller et al., 2000 ) .
Intraspecifi c hybridization between introduced and local populations might lead to reduced fi tness in the intraspecifi c hybrids, referred to as outbreeding depression through two mechanisms: the fi rst one occurs when inherited traits from the foreign population are maladaptive to local site condition (dilution of local adaptation), while the second one is due to the disruption of benefi cial epistatic genetic effects following recombination ( Lynch, 1991 ; Hufford and Mazer, 2003 and references therein) . This later phenomenon, also referred to as hybrid breakdown, is caused by the disruption of coadapted gene complexes or " intrinsic coadaptation. " Hybrid breakdown is often not evident until the second hybrid generation (F 2 ) or later, i.e., after intrachromosomal recombination between chromosomes of different origin ( Hufford and Mazer, 2003 ; Edmands, 2007 ) . The environmental component of outbreeding depression or dilution of local adaptation, on the other hand, is more important in the fi rst generation (F 1 ) of interpopulation hybrids because F 1 hybrids are heterozygous at locally adapted loci ( Waser and Price, 1994 ; Montalvo and Ellstrand, 2001 ) . This negative effect is expected to decrease in subsequent generations, especially if hybrids backcross with the local population ( Keller et al., 2000 ) . Moreover, dilution of local adaptation can be partly or wholly compensated by heterosis in F 1 hybrids. Heterosis, or increased vigor relative to the local parental population is caused by either the masking of recessive deleterious alleles or by an overall fi tness advantage of heterozygotes (overdominance), as well as by multilocus mechanisms such as positive additive-by-additive interactions ( Lynch, 1991 ) . The fi tness consequences of hybridization among populations will therefore depend on the relative importance of positive effects of heterosis and negative effects of outbreeding depression and might change across generations . 
MATERIALS AND METHODS
Plant species and populations -Plantago lanceolata L. is a short-lived perennial herb, widely distributed in the northern hemisphere, and occurring in a wide range of grassland habitats ( Cavers et al., 1980 ) . It is often used in seed mixtures for grassland restoration ( Bosshard, 1999 ) . Plantago lanceolata can regenerate vegetatively, but it is mainly dispersed by seeds. It is wind-pollinated and protogynous with a gametophytic self-incompatibility system ( Ross, 1973 ) . Average distances of gene fl ow are 0.8 -1.5 m for pollen-mediated gene fl ow, and only 0.04 -0.35 m for seed-mediated gene fl ow ( Tonsor, 1985 ; Bos et al., 1986 ) .
Plants used in experimental crossings were collected from four large grassland populations (population size higher than 500 individuals) that had not been sown in recent decades: a local population (CH1), in close proximity of the experimental site (200 m), two foreign populations (one in the Czech Republic [CZ] and one in England [UK]), and a second local population from a contrasting habitat in Switzerland (CH2) ( Table 1 ). This last population was close to the fi eld site (7 km), as compared to the foreign populations, but from a much drier habitat than the local CH1 population ( Table 1 ) . Collections were made in May 2002 by randomly sampling 35 prefl owering plants at ~5-m intervals along parallel transects in an area of ~100 m 2 (~25 m × 40 m).
Experimental crossings -All plants were grown and crossed in the greenhouse. The crossing scheme was designed to simulate a single introgression by foreign pollen. To produce the fi rst generation (F 1 ) hybrids, we crossed CH1 mother plants with pollen donors from the two foreign origins (CZ and UK), and from the second local habitat (CH2). The infl orescences were covered by pergamyn bags before they became receptive. When they were fl owering, a spike from the appropriate pollen donor was added to the bag, and the bag was shaken occasionally. The three crossing types were conducted on different infl orescences of the same mother plant and replicated on 24 mother plants, resulting in 72 pollinated infl orescences. A different pollen donor was used for each mother plant. The absence of selfi ng or contamination was checked with at least one infl orescence per plant: the control infl orescences were covered by pergamyn bags but were not hand-pollinated and thus did not produce any seed. The crossing scheme resulted in three types of F 1 hybrids: CH1 × CH2, CH1 × UK, CH1 × CZ, referred to as F 1 -CH2, F 1 -UK and F 1 -CZ hereafter, with 24 half-sib families.
F 1 seeds were germinated in Petri dishes, and 72 seedlings (24 families × 3 origins) were transplanted into pots and grown to adulthood in a greenhouse. The F 1 hybrids were then randomly crossed within each origin to produce F 2 seed: for each F 1 origin, one plant per family was placed in a cage (i.e., 24 plants per cage) covered with two layers of mesh, with the cages separated by at least 2 m to prevent unintended crossings among different hybrid types. Infl orescences were shaken daily. Three types of F 2 hybrids were obtained, referred to as F 2 -CH2, F 2 -UK, and F 2 -CZ (seeds from 21, 17, and 18 plants, respectively). The backcross (BC) generation was produced by pollinating CH1 mother plants with pollen from F 1 progeny of previous crossings (CH1 × F 1 ). Different CH1 mother plants than the ones used for F 1 seed production were each crossed with all three F 1 types, using three different infl orescences on the same plant, and a different pollen donor for each mother plant. Three types of BC hybrids were obtained: CH1 × (CH1 × UK), CH1 × (CH1 × CZ), CH1 × (CH1 × CH2), referred to as BC-CH2, BC-UK and BC-CZ, each with 11 " families. "
Seeds of the parental generation were produced in parallel under the same greenhouse conditions and with the same set-up as for F 2 seed production (open pollination within origin). P-CH1, P-CH2, P-UK, P-CZ seeds were collected from 18 to 26 mother plants (22 CH1, 19 CH2, 18 CZ, 26 UK) .
Germination and fi eld experiment -In May 2004, seeds were germinated in Petri dishes in a growth chamber, with six seeds per mother (total 1476 seeds), grown in trays and transferred to the fi eld 2 weeks later (11 -14 June 2004). The fi eld was previously ploughed and kept weed-free throughout the growing season. Twenty-eight blocks containing one plant of each generation and origin (13 plants per block) were set up: 112 parental plants and 84 of each of the three hybrid generations, for a total of 364 plants, were used in the fi eld experiment. In each block, seedlings were planted at distances of 40 cm, large enough to avoid intraspecifi c competition. Seedlings that did not survive transplanting were replaced by another seedling of the same family (mother plant) within 1 week. Seedling size was estimated at planting as the product of the number of leaves and the length of longest leaf (cumulative leaf length). Plants were harvested aboveground for measurement of total dry mass (vegetative and reproductive parts) at the end of the growing season (November 2004). Infl orescences were counted before harvesting. Three spikes per plant were harvested, and their seeds were counted to obtain an estimate of total seed production.
Studies examining the fi tness consequences of intraspecifi c hybridization in most cases have only considered the F 1 generation, and they often found increased vigor of interpopulation hybrids relative to parental fi tness ( Oostermeijer et al., 1995 ; Byers, 1998 ; Sheridan and Karowe, 2000 ; Luitjen et al., 2002) . Most of these studies examined rare species, with small, inbred populations, where outcrossing provides a recovery from genetic drift or inbreeding depression. However, outbreeding depression was also detected in F 1 progeny of crosses among populations when genetic differentiation between the populations was high ( Montalvo and Ellstrand, 2001 ; P é labon et al., 2005 ) . Studies comparing the performance of F 2 and later generations with parental genotypes are rare Keller et al., 2000 ) , and generally show a pattern of F 1 hybrid heterosis followed by outbreeding depression in later generations. However, effects of genetic introgression may vary considerably depending on life-history traits examined, mating systems and other traits that infl uence gene fl ow and levels of among-population differentiation ( Montalvo et al., 1997 ) . Outcrossing (self-incompatible) and widely distributed species are expected to be less sensitive to outbreeding depression than species with strong tendency for selfi ng and small or fragmented populations with low gene fl ow ( Hufford and Mazer, 2003 ) . However, the effect of large-scale interpopulation hybridization in widespread species used in restoration is largely unknown.
We analyzed the effects of gene fl ow from foreign into local plant populations in the widespread obligate outcrosser Plantago lanceolata , for which local adaptation has previously been documented ( Bischoff et al., 2006a ) . We examined the fi tness of hybrids between local and two distant ( > 600 km away) foreign populations. In addition, we included in our crossing scheme a second local population originating from a contrasting habitat. It is generally assumed that negative effects of hybridization increase with increasing geographical distance between populations ( Montalvo and Ellstrand, 2001 ) . However, distance is not always a good predictor of adaptive differentiation at small scales ( Becker et al., 2006a ) , and outbreeding depression might be as high in crosses with nearby populations adapted to a different habitat as with very distant populations adapted to the same habitat, depending on the mechanism causing fi tness to decrease.
Because hybrid breakdown might not be apparent before the second generation of interpopulation hybrids, we analyzed both F 1 and F 2 offspring. Moreover, to answer our applied objective of investigating how genetic introgression (i.e., the introduction of foreign genes into the population) affects native populations, interpopulation hybrids were also backcrossed to the local population (BC offsprings). Backcross hybrids are likely to be more common than F 2 hybrids in real situations ( Edmands, 2007 ) . Even though determining the mechanisms of outbreeding depression was not the primary goal of our study, the comparison of the performance of additional hybrid types beyond the F 1 generation to the parental populations in the fi eld can provide some indications on the relative importance of environmental and physiological factors.
We asked the following specifi c questions: (1) Is there heterosis (increased fi tness) and/or outbreeding depression (reduced fi tness) in progeny of crosses between geographically distant populations, as compared to within-population crosses? (2) Is there a higher fi tness cost of intraspecifi c hybridization in the second hybrid generation than in the fi rst generation? (3) Is outbreeding depression more severe in crosses with geographically distant populations than with nearby populations from a different habitat? [Vol. 97 However, when testing separately for each origin, the differences were only signifi cant in the CH2 hybrids ( Fig. 1 ) . For vegetative biomass and seed production, the contrasts testing for deviation from additive gene action were all nonsignifi cant ( Table 2 ). Performance of the interpopulation hybrids was close to the average of their parents, resulting in reduced fi tness of the hybrids relative to the home parent when the foreign parent showed low fi tness. For example, crosses with the poorly performing CZ population resulted in 28% reduction of vegetative biomass and in a 17% lower seed production compared to the CH1 population ( Figs. 2, 3 ).
Outbreeding depression in F 2 and BC generations? -Seedling size of the F 2 hybrids was signifi cantly inferior to the midparent value, overall and in the CH2 and UK origins ( Table 2, Fig.  1 ). However, these effects did not persist because contrasts testing for deviation from additive gene action in vegetative biomass of adult plants were nonsignifi cant ( Fig. 2 ) . The performance of the BC hybrids also did not differ from expectations, assuming additive effects for seedling size and fi nal vegetative biomass. For seed production, effects of interpopulation crossing varied among origins. Indeed, performance of later generation hybrids (F 2 and BC) was signifi cantly higher than expected assuming additive genetic effects in crosses with the CZ population, while there were no epistatic effects in CH2 and UK hybrids ( Fig. 3 ) .
DISCUSSION
We investigated the effects on offspring performance of hybridization between a local Swiss population of P. lanceoalata and geographically or environmentally distant populations. In a Data analysis -The effects of generation and origin on seedling size, aboveground vegetative biomass and seed production were examined using mixed-effect ANOVA models using the program JMP 5.0.1 (SAS, Cary, North Carolina, USA). Models contained fi xed effects due to generation (P, F 1 , F 2 , BC) and origin (CH1, CH2, UK, CZ) nested in generation, random effect due to block, and the following covariates: seed mass for the dependent variable size-at-planting, size at planting for the dependent variables biomass and seed production. Vegetative biomass and seed production were square-root transformed to meet the assumptions of normality and homoscadesticity. Because the covariate size-at-planting was highly signifi cant, only plants that were not replaced just after planting were included in the analysis; however, removing the covariate from the model and including all plants did not change the results. Dead plants ( N = 2) were excluded from the analysis.
We calculated a series of a priori contrasts within signifi cant origin effects to test for deviation from additive gene action. The performance of the F 1 and F 2 hybrids was compared to the mean performance (Pf) of their parents (midparent value: 1/2 ⋅ Pf CH1 + 1/2 ⋅ Pf Foreign ). Expected values for backcrosses were calculated as 3/4 ⋅ Pf CH1 + 1/4 ⋅ Pf Foreign ( Etterson et al., 2007 ) . For each hybrid generation, we calculated an overall contrast comparing the hybrids with their parents for all three origins (1 contrast with df = 3 for each generation). If this overall contrast was signifi cant, we tested the hybrid vs. parental generation separately for each origin (3 contrasts with df = 1). The weightings for the contrasts assume additive gene action, i.e., they test whether heterotic (dominance) effects outweigh the breakdown of positive allele combinations due to hybridization. Positive deviation from additive gene action would indicate heterotic effects (hybrid vigor), while negative deviation indicates hybrid breakdown.
Even though we cannot fully test for local adaptation in this experiment, we checked whether the local (CH1) population performed better than the two foreign (CZ, UK) and the second local (CH2) populations using a priori contrasts specifi ed within the origin effect in a separate model including only the parental plants. Random effects due to block and the same covariates as described were included in the models.
RESULTS

Local vs. foreign plants -Differences between local (CH1)
and foreign parental plants (CZ, UK) were small at the start of the experiment (contrast for seedling size: F 1,77 = 1.96, P = 0.166), but local plants produced signifi cantly more vegetative biomass ( F 1,74 = 4.09, P = 0.047) and more seeds ( F 1,74 = 9.81, P = 0.002) compared with foreign plants at the end of the growing season. Vegetative biomass of the CZ and UK plants was, respectively, 36% and 25% lower than biomass of the CH1 plants, and CZ plants produced 23% fewer seeds than the local plants. No differences were found between the local (CH1) and the contrasting-habitat (CH2) populations in any of the measured traits (seedling size: F 1,77 = 2.33, P = 0.131; biomass: F 1,74 = 1.89, P = 0.173; seed production: F 1,74 = 0.29, P = 0.589).
Hybrid vigor in F 1 generation? -Generation had signifi cant effects on seedling size measured at the time of planting in the fi eld as well as on seed production. Origin (nested within generation) had signifi cant effects on all three measured performance traits ( Table 2 ) . We found no evidence for hybrid vigor in between-population hybrids for any of the measured performance traits. The overall contrasts specifi ed within the origin effect showed signifi cantly smaller seedling size of the F 1 hybrids compared to the average of their parents ( Table 2 ) . Notes: Linear contrasts were specifi ed within signifi cant origin effects to test for deviation from additive gene action, that is represented by the midparent value (MP). Vegetative biomass and seed production were square-root transformed before analysis. Block effects were included in the model (not shown). MP: midparent value, F 1 : fi rst hybrid generation, F 2 : second hybrid generation, BC: backcross generation, Pf CH1 : performance of the recurrent parent for backcrossing (CH1), Pf Foreign : performance of the foreign parental origin in the backcross. Signifi cance: * P < 0.05, ** P < 0.01, *** P < 0.001, (*) P = 0.06.
a Signifi cant covariate included in the model: seed mass for seedling size, seedling size for biomass and seed production.
Distinguishing between the two components of outbreeding depression would require reciprocal transplant experiments and reciprocal crossings Montalvo and Ellstrand, 2001 ) , which was beyond the scope of this experiment. However, the performance of foreign parents relative to local plants provides an indication of their degree of maladaptation to the local conditions at the experimental site. Moreover, the contrasts tested for deviation from additive gene effects, with the effect of foreign, less-adapted genes included in the expected value (the performance of the hybrid is compared to the average of its parents). Signifi cant differences from expectations would indicate a role of positive heterotic (dominance) effects and/or the breakdown of positive allele combinations (negative epistatic effects) in determining hybrid fi tness.
In this experiment, negative effects of interpopulation hybridization were only found in seedling growth (size at planting) and were stronger in the F 2 generation. Because plants were germinated and grown in a growth chamber for 2 weeks, lower performance of the CH2 and UK interpopulation hybrids suggests negative intra-and/or interlocus interactions (epistasis) resulting from combining genes from different populations rather than dilution of local adaptation. However, these effects decreased during the growing season in the fi eld, and the fi nal previous study using reciprocal transplant experiments, we had demonstrated local adaptation across a broad geographical range, as well as strong population differentiation among diverse habitats in this widespread outcrossing species ( Bischoff et al., 2006a ) . The current study confi rmed superior performance of the home population at our experimental site. Interpopulation hybridization had negative effects on seedling growth in crosses with two of the three populations. These effects were stronger in the F 2 generation and in crosses with the local population from a different habitat. However, vegetative biomass and seed production at the end of the growing season did generally not differ from expectations assuming additive gene effects.
No evidence for hybrid breakdown in the fi eld -Outbreeding depression, or lower performance of interpopulation hybrids, can be caused by breakdown of coadapted gene complexes and/or dilution of local adaptation ( Lynch, 1991 ; Hufford and Mazer, 2003 ) . The latter component of outbreeding depression appears when phenotypic traits are not well adapted to the local environment, while the physiological component, also referred to as hybrid breakdown, is due to intrachromosomal recombination between chromosomes of different origins and would also be apparent in a neutral environment. Fig. 1 . Seedling size (cumulative leaf length) of the parental and hybrid generations of Plantago lanceolata as measured by the number of leaves times the length of the longest leaf after 2 weeks of growth in a climate chamber (least squared means ± SE). CH1 is the local population, CZ and UK are geographically distant populations, CH2 is a nearby population from a different habitat. The degree of shading represents the proportion of foreign genes. Deviation from additive gene action in the interpopulation hybrids was tested using a priori contrasts within signifi cant origin[generation] effects: * P < 0.05, ** P < 0.01, *** P < 0.001. Fig. 2 . Vegetative biomass of the parental and hybrid generations of Plantago lanceolata for the three crossing origins after one growing season in the fi eld (least squared means ± SE). CH1 is the local population, CZ and UK are geographically distant populations, CH2 is a nearby population from a different habitat. The degree of shading represents the proportion of foreign genes. Deviation from additive gene action in the interpopulation hybrids was tested using a priori contrasts within signifi cant origin[generation] effects.
Population diffentiation and dilution of local adaptation -The performance of the interpopulation hybrids was close to the average of their respective parents. Local parents had the highest performance, and dilution of local adaptation, with lower vegetative growth and reproduction of the F 1 hybrids compared to the local genotypes was found in crosses with a poorly performing foreign population. With additive gene action, a blurring of genetic differences associated with local adaptation is indeed expected after hybridization: if introduced and local genotypes are adapted to different environments and have become fi xed for different alleles, the F 1 hybrids will be heterozygous at locally adapted loci, resulting in a 50% " dilution " of the differently adapted parental genomes and a lower fi tness of the hybrids compared to the local parent grown in its native environment ( Hufford and Mazer, 2003 ) . Such dilution of local adaptation was found in F 1 hybrids of Delphinium nelsonii ( Waser and Price, 1994 ) and Lotus scoparius ( Montalvo and Ellstrand, 2001 ) .
In this study, differences between local and foreign populations of P. lanceolata , as well as with the second local population were smaller than previously found ( Bischoff et al., 2006a ) , probably because the plants were grown in the absence of competition. Superiority of the local provenance was found to be larger in competition with the local plant community ( Bischoff et al., 2006a ) . Such high levels of maladaption in foreign populations would lead to the formation of low-performing interpopulation hybrids relative to the local plants and signifi cant decrease of native population fi tness.
In the absence of further genetic disruption, effects of dilution of local adaptation are likely to decrease, especially in backcrosses with the local population. Indeed, while there was a trend for decreased or average fi tness of the F 1 and/or F 2 interpopulation hybrids, performance of the BC generation was always as high as the local population. The proportion of foreign, maladapted genes decreases rapidly in backcrosses with the local population, while fi tness recovery in crosses among the F 1 progeny depends on the time required to restore homozygosity at loci adapted to the local environment ( Hufford and Mazer, 2003 ) .
Geographic distance vs. habitat differences -We studied the effects of intraspecifi c hybridization in crosses between populations separated by large geographic distances but biomass and seed production of the hybrids did not differ from expectations assuming additive gene effects. This lack of negative epistatic effects in the fi rst two generations of interpopulation hybrids grown in the fi eld indicates greater importance of the ecological component as compared to the physiological component in determining hybrid fi tness. The nonsignifi cant deviation from additive effects could also be explained by heterosis due to dominance or overdominance, which could compensate for the negative consequences of interrupting epistatic interactions ( Johansen-Morris and Latta, 2006 ) . However, this scenario is not likely to be the case here because we found no evidence for hybrid vigor in the F 1 hybrids. This lack of heterosis indicates that populations do not suffer from inbreeding depression (e.g., due to the outcrossing breeding system and large population sizes). It is also possible that fi tness costs of hybridization would become apparent only in the F 3 or later generations, a pattern to be expected when there is strong linkage of coadapted loci. Fenster and Galloway (2000) observed fi tness costs of hybridization between populations of the annual outcrossing plant Chamaecrista fasciculata in the F 3 generation, while effects in earlier generations were additive or even heterotic. Even though we monitored the plants for a complete growing season, it may still be possible that our measure of fi tness did not take into account the critical stages for outbreeding depression. In our study, plants germinated under favorable conditions in a growth chamber, resulting in high germination rates and no deviation from additive effects in the contrasts testing for hybridization effects in germination (not shown). Although population differentiation in the fi eld was found to be similar to that in growth chambers ( Bischoff et al., 2006b ) , a different response due to hybrid type-by-environment interactions cannot be excluded if seeds had been directly sown in the fi eld. Moreover, the plants of the current study were grown under noncompetitive conditions, and the observed differences in early growth might have increased under competition. Bischoff et al. (2006a) showed that adaptative differentiation in Plantago lanceolata was stronger with competition in a plant community than without competition. However, Willi et al. (2007) found no effect of competitive stress on the pattern of heterosis and (lack of) outbreeding depression. If the fi tness effects of breaking down coadapted gene complexes were strong in these populations, then they should be apparent in fi tness components such as vegetative biomass and seed production. Fig. 3 . Seed production of the parental and hybrid generations of Plantago lanceolata for the three crossing origins after one growing season in the fi eld (least squared means ± SE). CH1 is the local population, CZ and UK are geographically distant populations, CH2 is a nearby population from a different habitat. The degree of shading represents the proportion of foreign genes. Deviation from additive gene action in the interpopulation hybrids was tested using a priori contrasts within signifi cant origin[generation] effects: ** P < 0.01. occurring in similar habitats. The effects were compared to crosses with a nearby population from a contrasting (drier) habitat. Negative consequences of hybridization are assumed to increase with geographic distance between populations because there is often a strong correlation between genetic and geographic differences on the large geographical scale ( Fenster and Dudash, 1994 ; Becker et al., 2006a ) . However, genetic divergence among populations is not necessarily linked with geographic distance ( Montalvo and Ellstrand, 2001 ; Petit et al., 2001 ) , and adaptive differentiation should also refl ect local environmental heterogeneity.
In this experiment, signifi cant deviations from additive gene action, in the direction of decreased fi tness, were only found in early growth of the F 1 and F 2 progeny of crosses between different habitats at the local scale, and in the F 2 progeny of one longdistance cross type. This result suggests that distance between populations is not a good predictor of the magnitude of hybrid breakdown. Keller et al. (2000) and Becker et al. (2006b) also found that the extent of outbreeding depression did not increase with interpopulation distance, while Galloway and Etterson (2005) found that F 1 hybrid performance decreased with increasing distance between populations. Becker et al. (2006a) concluded that distance is a good indicator of the extent of adaptive differentiation at large ( > 200 km) but not at small scales.
Even though performance of interpopulation hybrids in the fi eld did not show strong outbreeding depression, potential for dilution of local adaptation in crosses with local population from a different habitat is as high as in crosses with foreign populations, as indicated by results from Bischoff et al. (2006a) with the same populations. Many species show strong population differentiation and local adaptation at small scale ( Waser and Price, 1985 ; Galen et al., 1991 ; Van Tienderen, 1992 ; Kindell et al., 1996 ; Lenssen et al., 2004 ) . Therefore, it might be more important to maximize environmental similarities of source populations relative to transplant site than to minimize geographic distance, both for the success of the restored area ( Raabova et al., 2007 ) and for avoiding a decrease in the mean population fi tness of neighboring local populations.
Conclusions -Large-scale translocation of plants species to restore diverse ecosystem has raised concerns about the risks associated with the introduction of maladapted genotypes that may hybridize with locally adapted conspecifi cs and lead to outbreeding depression ( Hufford and Mazer, 2003 ) . Here we show that additive gene action governs performance of the intraspecifi c hybrids in a widespread, common plant. This result suggests that the introduction of maladapted populations might, at least temporarily, decrease the fi tness of neighboring local plants. In the absence of further genetic disruptions, the effects of dilution of local adaptation are likely to decrease over time. However, the long-term effects of large-scale introductions on local population mean fi tness are hard to predict. Indeed, the degree to which natural selection effectively eliminates poorly adapted genotypes resulting from intraspecifi c hybridization is unknown ( Hufford and Mazer, 2003 ) . Moreover, repeated introductions over several years, as in the case of plant species sown in grasslands restoration, will counteract local adaptation and continue to negatively impact the fi tness of local populations ( Keller et al., 2000 ) . The choice of an appropriate provenance is therefore of prime importance if negative consequences for local populations are to be avoided. In addition to geographic distance, environmental similarities between restoration and donor site should be considered when choosing source
